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Abstract 
Studies were conducted to evaluate the quality aspects of marine dried fish i.e. silver jew 
fish (Johnius argentatus), Bombay duck (Harpodon nehereus) and ribbon fish (Trichiums 
haumela) products produced in rotating and solar tunnel dryers. On the basis of 
organoleptic characteristics such as colour, odour, texture, broken pieces, insect 
infestation and overall quality, four member panels of experts evaluated the quality of the 
dried products obtained from both rotating and solar tunnel dryers and all the products 
were found in acceptable quality. Reconstitutions properties of samples were in the range 
of 51.05 to 98.75% for the dried fish produced in rotating dryer, while 24.64 to 76.76% for 
dried fish produced in solar tunnel dryer. The highest reconstitution rate was found in 
dried silver jew fish and lowest in ribbon fish produced in rotating dryer. On the other 
hand, the highest reconstitution was observed in dried silver jew fish and lowest in dried 
Bombay duck produced in solar tunnel dryer. Proximate composition such as moisture, 
crude protein, lipid and ash content of the dried fish muscles produced in rotating dryer 
ranged from 16.36% to 19.1%, 62.35% to 67.37%, 6.37% to 10.75% and 7.00% to 8.05%, 
respectively and in solar tunnel dried fish products, they were in the range of 14.05% to 
19.71%,57.64% to 69. 21%,6.92% to 15.40%and 7.69% to 8.80 %, respectively. The TVB-
N values of dried fish products obtained from rotating dryer were in the range of 15.02 to 
19.05 mg/100g, while in solar tunnel dried fish products, the values were in the range of 
15.46 to 19.21 mg/100g. The results of the studies indicated that dried fish produced from 
both rotating and solar tunnel drier were acceptable quality in terms of organoleptic and 
food quality aspects. 
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Introduction 
Sun drying is a low cost traditional method of fish preservation and the dried products 
play an important role particularly in providing nutrition of the poor and economically 
disadvantaged people. About 20% of the marine artisanal catch is sun dried in 
Bangladesh and consumed mainly by the rural people (Coulter and Disney 1987). Most 
of the traditional sun dried products available in the market are poor in quality and not 
suitable for human consumption (Kamruzzaman 1992, Khan 1992, Saha 1999, Reza et. 
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al. 2005). The major quality problems associated with sun dried fish products are insect 
infestation during drying, improper storage, contaminations, use of insecticides and 
spoilage. The quantitative losses through spoilage and insect attack on fish being dried 
fish have been estimated to 10-35% in the marine areas (Doe et al. 1977, Ahmed et al. 
1978). In order to improve the quality of traditional dried fish products, a solar tunnel 
dryer constructed with locally available materials was found very suitable for drying of 
silver jew fish at temperature of 45 to 52°C for 5 days without showing any infestation, 
oxidative rancidity, spoilage and contamination (Bala and Hossain 1998, Bala and 
Mandai 2001, Reza 2002, Reza et. al. 2006). The solar dryer is a suitable technology 
which can be widely used for producing high quality dried fishes with the following 
advantages over traditional drying: (i) low production cost with less energy (ii) 
insecticide free high quality dried fish products (iii) no chance of insect infestation and 
free from animal and dust contamination (iv) faster drying due to greater speed ofthe 
air over the fish and the larger the surface area of fishes during drying and (v) the 
technology can be easily adopted at low-cost using locally available materials. However, 
solar dryer can not effectively be used in bad weather conditions, particularly during 
rainy season when sunlight is not sufficient for drying. There is a demand from the 
marginal processors for developing a dryer which can be used 24 hours round the year. 
The rotating dryer is a suitable technology widely used in Japan for producing high 
quality dried fish in all weather conditions having lot of advantages: (i) no chance of 
insect infestation and free from any sort of contamination (ii) production of high quality 
products and (iii) faster drying due to greater speed of the air over the fish and the larger 
the surface area of fishes during drying. It is therefore, the present study was undertaken 
to compare the quality dried fish produced in a solar tunnel dryer and rotating dryer by 
determining organoleptic, physical and biochemical aspects. 
Materials and methods 
Sample collection 
Three fresh marine fish samples namely silver jew fish (Johnius argentatus), Bombay 
duck (Harpodon nehereus) and ribbon fish (Trichiurus haumela) were collected from a local 
fish market of Chittagong and transported to the laboratory of Department of Fisheries 
Technology, Bangladesh Agricultural University, Mymensingh in an insulated box in 
ice (1: 1). 
Organoleptic quality assessment 
The evaluation of organoleptic quality of dried fish is based on the method currently 
used by Fish Inspection and Quality Control (FIQC) of Department of Fisheries (DoF), 
Government of Bangladesh with slight modification. Representative whole sample of 
dried products were taken on a tray to assess the organoleptic characteristics such as 
colour, odour, texture, broken pieces and insect infestation by a four member panels of 
experts constituted in the Department of Fisheries Technology, BAU, Mymensingh. 
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Physical study (Water reconstitution properties) 
Five gram of dried fish muscle sample put into a nylon net and allowed to soak in 
one liter of water in water bath at different temperature for a period of maximum of 60 
minutes with occasional stirring. When the samples were taken out from the water bath, 
water was drained off through a coarse nylon net. All the muscle fleshes were then 
transferred to the strainer and extraneous water was wiped off by a piece of blotting 
paper. Then the fleshes were weighed again. The gain of moisture for each sample was 
calculated as percent reconstitution. The reconstitution behavior was measured in water 
temperature at zooc, 40oC, 60oC and 80oC. Reconstitution percentage was measured at 15 
minutes intervals for each temperature. 
Evaluation of nutritional quality 
Proximate composition analysis of moisture, ash, lipid and crude protein were 
carried out according to the standard methods given in AOAC (1980). Total volatile base 
nitrogen was determined according to the method described in the Official Journal of 
European Commission (EC 1997). 
Results and discussion 
Organoleptic characteristics 
The results on organoleptic characteristics of dried products obtained from the 
present study are summarized in the Table 1. The colour of dried silver jew fish, Bombay 
duck and ribbon fish produced in rotating dryer were brown yellowish to shiny silvery 
with little difference among the three species. Texture of solar tunnel dried fish products 
was more harder than those obtained from rotating dryer and not easily flexible with 
characteristic odour. No infestation or broken pieces were found around the products 
and the overall quality of all three dried fish products was good. On the other hand, the 
colour of solar tunnel dried silver jew fish, Bombay duck and ribbon fish was also brown 
to silver colour with little difference among the three species. The odour was very 
natural and the textural characteristics were firm and flexible in all of the samples. The 
products were from insect infestation and no broken pieces were found around the 
products. The overall quality of all the products was also good. 
Water reconstitution properties 
The reconstitution properties of rotating dried and solar tunnel dried marine fish 
muscles were assessed at a wide range of temperatures after soaking in water for 15 to 60 
minutes and the results are presented in Table 2. The results shows that incase of solar 
tunnel dried fish, at 20°C, reconstitution level was in the range of 24.64% to 36.49% after 
15 min of soaking with minimum in Bombay duck and maximum in silver jew fish. 
After soaking for 60 min, the highest level of reconstitution properties was in the range 
of 41.51% to 45.65% with minimum in ribbon fish and maximum in Bombay duck. 
Reconstitution capacity of dried fish samples increased considerably with increase in 
temperature and duration of time. When the samples were allowed soak at 80°C, for a 
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period of 60 min. reconstitution level was in the range of 66.04% to 76.76% with 
minimum value recorded for Bombay duck and the maximum value for ribbon fish. 
Table 1. Organoleptic characteristics of solar tunnel and rotating dried marine fish products 
Dried fish Organoleptic characteristics of Organoleptic characteristics Overall Solar tunnel dried products of Rotating dried products quality 
e Brown colour e Brown yellowish colour Excellent 
Bombay • Characteristic odour e Characteristics odour 
duck e Firm and flexible texture • Firm and flexible texture. 
• No infestation • No infestation 
• No broken pieces found e No broken pieces found . 
e Yellowish silvery colour • Yellowish silvery colour Excellent 
Silver Jew e Characteristic odour • Characteristics odour 
fish e Firm and flexible texture • Firm and flexible texture. 
e No infestation • No infestation 
e No broken pieces found e No broken pieces found. 
• Silvery colour and shining e Silvery colour shining Excellent 
Ribbon • Characteristic odour • Characteristics odour 
fish • Firm and flexible texture e Firm and flexible texture. 
e No infestation e No infestation 
e No broken pieces found e No broken pieces found. 
Table 2. Reconstitution percentage of solar tunnel and rotating dried products at different 
temperature and time interval 
Dried Soaking Soaking time in minutes for solar Soaking time in minutes for 
fish temperature dried fish rotating dried fish 
(OC) 15 30 45 60 15 30 45 60 
Room temp. 24.64 31.16 40.58 45.65 53.00 70.94 75.21 80.19 
Bombay (20°C) 
duck 40 35.45 49.09 60.00 61.82 60.68 73.00 80.00 85.03 
60 42.11 53.50 58.49 63.16 62.96 76.54 81.48 88.01 
80 44.34 55.66 58.77 66.04 66.95 77.97 86.44 91.53 
Room 36.49 39.72 42.06 44.86 60.26 67.43 80.34 91.53 
Silver temperature 
jew fish 40 45.56 53.89 60.62 62.18 61.02 78.64 86.64 94.44 
60 46.91 55.15 62.37 66.49 70.70 82.17 91.08 96.95 
80 48.00 58.22 66.67 74.22 82.22 88.89 91.67 98.73 
Room 26.04 30.18 37.36 41.51 51.05 56.18 60.02 62.12 
Ribbon temperature 
fish 40 33.96 49.06 56.98 60.38 55.56 60.11 63.05 65.01 
60 42.47 52.40 60.96 68.49 60.19 67.02 70.15 75.08 
80 46.46 56.56 66.66 76.76 66.18 72.00 78.03 85.05 
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On the other hand, when dried fish samples obtained from rotating dryer were 
allowed to soak in water at 20°C, dried samples showed reconstitution level in the range 
of 51.05% to 60.26% after 15 min of soaking with minimum in ribbon fish and maximum 
in silver jew fish. After soaking for 60 min, the reconstitution properties were in the 
range of 62.12% to 91.53% with minimum in ribbon fish and maximum in silver jew 
fish. Like solar dried products, reconstitution capacity of rotating dried fish samples 
increased with increase in temperature and duration of time but the increment trend of 
uptake of water by the rotating dried samples was much slower than those of solar dried 
products. At 60°C, highest reconstitution of 70.70% in silver jew fish and lowest 
reconstitution of60.19% in ribbon fish were found after 15 min soaking and after 60 min 
soaking the highest and the lowest value of 96.95% and 75.08% were found for silver jew 
fish and ribbon fish, respectively. Reconstitution level at 80°C for 60 min, the 
reconstitution capacity ranged from 85.05 to 98.73% with minimum value obtained from 
ribbon fish and maximum value obtained from silver jew fish. 
A close relationship was observed between the reconstitution capacity and physical 
properties of the samples. The quality of the dried fish is also related to final aw. At low 
values, water uptake proceeds more quickly. In properly dried fish the water uptake is 
more is reported to complete in 3-15 minutes (Sikorski et al. 1995). In the present study, 
solar dried products exhibited slightly less rehydration properties compared to rotating 
dried fish species which might be due to the denaturation of protein that took place 
during drying process and cause some sort of damage to the cellular structure in an 
irreversible manner. Thus little poor reconstitution in solar dried fish compared to 
rotating dried fish was due to cemented and compact structure of the muscle with few 
interfibrillar spaces. With a tough and rubbery tissue, water penetrates mostly to the 
centre of large pieces by diffusion through the protein of the fibre itself and the process 
is very slow (Connell 1957, Sen et al. 1961, Lahiry et al. 1961). On the other hand, 
rotating dried fish products exhibited an enormously rapid initial rehydration rate due 
to water being carried deep into the pieces by porous structure which absorbed and 
retained sufficient water by capillary (Jason 1965). Considering the reconstitution 
ability, it can be stated that dried fish products from rotating dryer were of slightly 
better quality compared to that of solar tunnel dried products. 
Biochemical composition 
Data of proximate composition analysis of rotating dryer and solar tunnel dried 
marine products are shown in Table 3. Initial moisture content of fresh samples of 
ribbon fish, silver jew fish and Bombay duck was in the range of 78.7 to 85.47% with 
highest moisture content in Bombay duck and lowest in ribbon fish. Protein, lipid and 
ash content in fresh samples of these species were in the range of 9.52 to 15.25%, 1.95 to 
4.28% and 1.8 to 2.5%, respectively. For better understanding of the data, these values 
were calculated in dry weight basis. In dry weight basis, protein, lipid and ash content of 
fresh samples of ribbon fish, silver jew fish and Bombay duck were in the range of 65.90 
to 71.60%, 13.42 to 21.30% and 11.27 to 12.44%, respectively. 
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Quality assessment of rotating and solar tunnel fish product 
Incase of solar dried fish, moisture content was in the range of 14.05 to 19.71% with 
the highest moisture content was found in silver jew fish and lowest in Bombay duck. 
Protein ranged from 57.00 to 69.21% with the lowest and highest value being found in 
silver jew fish and Bombay duck, respectively. Lipid and ash content ranged from 6.90% 
to 15.40% and 7.69 % to 8.80 %, respectively. On dry weight basis, protein, contents of 
these species were in the range of 71.9 to 80.52% with highest value in Bombay duck and 
lowest value in silver jew fish. Lipid content was in the range of 8.05 to 19.18% with 
highest value in silver jewfish and lowest value in Bombay duck. Ash content of ribbon 
fish, silver jewfish and Bombay duck was in the range of9.47 to 10.24%. 
In case of rotating dryer, the highest moisture content was found in ribbon fish and 
lowest in silver jew fish. Protein content ranged from 62.35% to 67.37% with the lowest 
and highest value being found in silver jew fish and Bombay duck, respectively. Lipid 
and ash content ranged from6.37% to 11.70% and 7.00% to 8.05% respectively. On dry 
weight basis, protein contents of these species were in the range of 74.55 to 82.06% with 
highest value in Bombay duck and lowest value in silver jew fish. Lipid content was in 
the range of 7.76 to 13.99% with highest value in silver jewfish and lowest value in 
Bombay duck. Ash content of ribbon fish, silver jewfish and Bombay duck was in the 
range of 8.53 to 9.62%. An inverse relationship was found between moisture and lipid 
content as reported by Stansby (1962) where sum of the total approximates near about 
80%. The summation of oil and water was not necessarily constant and it frequently 
ranges from 78 to 85%.The results obtained in this investigation is more or less in 
agreement with general rule suggested by Stansby (1962). For the better comparison, the 
data for protein, total lipid and ash content have been recalculated on moisture free basis 
and shown in the parentheses. An inverse relation also found between the protein and fat 
contents where the relationship was markedly evident by the data calculated on dry 
matter basis. Protein contents in dried fish obtained from both rotating and solar tunnel 
dryer was comparatively higher than those of fresh samples on dry weight basis. On the 
other hand, on dry weight basis, lipid content of those products was lower than those of 
fresh samples. During processing it might happen of some losses of lipid this is why 
slightly poor value recorded on dry weight basis and on the other hand high calculated 
value was observed in protein content on dry weight basis. There might be individual 
variation of composition. 
The TVB-N values of solar dried fish species of ribbon fish, silver jew fish and 
Bombay duck were in the range of 15.02% to19.05% with lowest value observed in silver 
jew fish and highest value in Bombay duck. On the other hand, the TVB-N values of 
rotating dried fish species were in the range of 15.46 % to19.21% with lowest value in 
silver jew fish and highest in Bombay duck. The TVB-N values of all the samples were 
found lower than the recommended value (100 - 200mg/100g) for variety of salted and 
dried products (Connell 1995). 
Solar tunnel dryer and rotating dryer constructed using locally available materials at 
a low cost were found suitable for production of high quality dried fish products. 
Rotating dryer was found most effective to run uninterruptedly in all weather 
conditions. 
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